Abstract -Service-learning is a common component of many humanitarian engineering education programs. Students engage with external organisations and communities, often spending time intensively, on projects linked to their studies. To help prepare students for substantial service-learning initiatives a dedicated humanitarian engineering course was developed. To better represent service-learning and enable a greater variety of teaching and learning activities, the course was delivered over five weeks using intensive mode teaching. This enabled a portion of the class to be involved with a two-week scaffolded immersive international experience running in parallel to the campus delivery. Threshold concept and capability theory was used to evaluate the course and identify what elements of the course supported or hindered development of student thresholds. Results identified the main student threshold to be the ability to take account of social factors in engineering design and the activities enabled by the intensive mode teaching were among the strongest contributions to the achievement of this threshold, in particular elements of the international experience. This highlights the opportunities for intensive mode teaching in supporting activities related to servicelearning.
INTRODUCTION
Service-learning is a component of most humanitarian engineering education programs and can take the form of field work 1, 2 , international immersions 3 , capstone projects 4 or across disciplines and year levels 5 . In addition to providing motivation, which is linked to better learning outcomes, service-learning has been shown to lead to more positive attitudes towards social responsibility 7 , identity outcomes 8 and civic leadership 9 . Introducing student engineers to service-based projects and community development work can be challenging but is required to ensure students act responsibly, particularly in later years when they may have greater roles 4 . To provide appropriate preparation for students progressing to more substantial servicelearning experiences, a dedicated mid-program course focusing on humanitarian engineering was developed. To support this and enable activities more representative of service-learning it was decided to adopt an intensive mode teaching delivery. This allowed delivery of the course to two parallel cohorts, one campus-based the other utilising a short-term immersive international experience. A threshold concepts and capabilities framework was used to evaluate the student experience and outcomes through this teaching mode to assess the delivery method.
This paper first outlines the context and background for the work, including humanitarian engineering, service-learning and intensive mode teaching. The theoretical framework used to evaluate the intensive teaching mode, based on threshold concepts and capabilities, along with the research questions, is provided. The development of the course is outlined as well as data collection methods. Results and discussion are provided across the various data collection methods within the context of the course and theoretical framework with recommendations for other institutions and researchers.
CONTEXT AND BACKGROUND

Humanitarian Engineering Education
Humanitarian engineering education has grown rapidly since the early 2000's with established programs in the US 4 and UK 10 and emerging programs in Australia 11 and New Zealand. Related areas with intersecting elements but different philosophical frameworks including engineering for development 1 , global engineering 3 and engineering for social justice 12 have also emerged. A discussion of the differences between these is beyond the scope of this paper, however some critiques of humanitarian engineering have explored potential "engineering for development" elements. Broadly, humanitarian engineering initiatives are seeking to prepare graduates to work on humanitarian development and response challenges and opportunities primarily with vulnerable, marginalised or disadvantaged groups or individuals. This places a strong emphasis on professional skills particularly team-work, cross-cultural competency and communication as well as interdisciplinary studies. Critiques of this field particularly from a social justice perspective have considered an inappropriate focus on technology, exclusion of social and power imbalances and lack of consideration of structural forces 12 .
Service-Learning
To provide opportunities for authentic learning and support humanitarian engineering education, most include a component of service-learning. These seek to provide an opportunity for students to learn course material and content while providing a "service" for an external community or partner, often a non-for-profit organisation. The student activity contributes to credit-bearing courses which provides the scaffold for assessment, feedback and reflection 7 . Students engage directly with external partners on an identified project and need, often spending significant time on activities outside formal class hours 13 . Servicelearning initiatives are being incorporated more broadly into engineering education as a realistic and effective way for students to apply the theory of their studies to encourage deep learning and motivation as well as supporting academic and personal development 6, 7, 14 . As with humanitarian engineering, critiques of service-learning have considered advantages and limitations with the approach. In particular, questions of who benefits most and who provides the resources and commitments have been raised 15 . International servicelearning experiences have been examined and placement specific liabilities identified 15 , often linked to elements of social justice 12 .
Humanitarian Engineering Education Pathway
Although not offering a formal qualification in humanitarian engineering, The Australian National University (ANU) has established a pathway for students to be involved in activities across all year levels. The ANU is a research intensive university on a single urban-campus established after the second world war with a low staff to student ratio and a significant focus on postgraduate studies. The four-year undergraduate engineering degree has a common systems engineering core, with a number of discipline majors in newer fields including renewable energy, mechatronics and communication.
For a number of years ANU has utilised service-learning through the EWB (Engineers Without Borders Australia) Challenge in first year, local project opportunities in second year, and capstone individual research and group design projects in final year. Leading into capstone experiences a perceived gap with students lacking background in humanitarian approaches and aspects of human-centred and participatory design had been observed. To fill this, and support student interest, a mid-program course on humanitarian engineering was proposed. This would cover humanitarian approaches, appropriate technology, and topics required for in-depth service-learning experiences in later years. While in development EWB launched its Humanitarian Design Summit program, two-week immersive trips to South-East Asian countries EWB worked in. These provide a scaffolded opportunity for students to be involved in development and humanitarian work supported by professional engineers and mentors 16 . Considering the objectives of the course and the opportunities for including the EWB Summits, it was decided to deliver the course using intensive mode teaching.
Intensive Mode Teaching
For the purposes of this study, intensive mode teaching involves students attending classes on fewer days and for longer on each day than is traditional in the discipline, often only enrolled in a single course at a time. Various models of the mode have been used in business and postgraduate law courses to allow study with minimal disruption to work 17 . It has been used in external courses with intensive periods on campus, and in courses in health sciences to allow students to fit classes between practicums. Although the above reasons provide the impetus to use intensive mode teaching, it has been found to provide additional benefits with students and teachers in two business units and an engineering unit reporting the following opportunities for 18, 19 ;
 students to learn from each other and bond in a learning community 20 ;  extended interactive and practical activities; and  exposure to practice such as real-world case studies and practical application of theory in authentic contexts.
These aligned with the objectives of the course in providing field trips and building a learning community as well as incorporating the international EWB Summits.
THEORETICAL FRAMEWORK
To investigate the impacts of the intensive mode teaching threshold concept theory and threshold capability theory were used.
Threshold Concepts
Threshold concepts are critical to future learning and practice in a discipline 21 . They are experienced by students as transformative and usually troublesome in one of many ways. It is important for curriculum designers and teachers to identify threshold concepts so that they can focus on these in the curriculum, particularly in-class time.
The theory proposes that students experience a state called the "liminal space" 21 while they still feel challenged by a threshold concept. The liminal space is rarely traversed directly and it may take students longer than one course or even a whole program of study before they overcome a threshold concept. An example of this was the "Trusteeship" threshold from an engineering concept inventory 22 . This was developed from work identifying a "spectrum of liminality" for the threshold of using social justice as a lens for viewing engineering 23 . This has five positions from the pre-to post-liminal positions connected to a threshold with nine conceptions and students' progress through the spectrum in different ways.
Threshold concepts were used in a phenomenographic study that identified seven qualitatively different student categories of understanding and experiencing of human-centred design (HCD) 24 . A strong threshold concept was identified as a transition between the two categories not included in the main nested hierarchy. Here students need to move from technology-centred views to one where user input feeds into a linear design process. Additional transformative aspects were identified in other higher-level categories.
Threshold concept theory was valuable for studying students' learning in this study as:
 the theory is about students' experiences of learning in addition to the learning intended by the teacher;  the concept of traversing the liminal space is relevant to a mode in which it is likely that the opportunity to traverse the liminal space is limited by time; and  their use in related engineering education as described above.
Threshold Capabilities
Threshold capability theory has emerged from a combination of threshold concept theory and capability theory 25 which proposes that students in higher education should develop capabilities to address previously unseen problems 26 . A threshold capability is transformative and challenging, and critical to future progress, as is a threshold concept. A threshold capability is likely to depend on understanding of one or more threshold concepts. The liminal space also applies to threshold capabilities.
Research Questions
Building on the theoretical framework established, three research questions were identified for evaluating the course:
1. what did students identify as thresholds for the course? 2. what features of the course hindered or supported their learning? 3. what were the benefits and limitations of the delivery mode as preparation for humanitarian engineering service-learning?
COURSE DEVELOPMENT
Course Design
The development of the course utilised a version of the systems engineering vee design process applied to education 11, 27 . First a set of learning outcomes were developed with input from external partners which was then peer-reviewed. These were used to drive the development of a set of course topics, each with corresponding learning outcomes, organised to give the structure of the course. The four main topics were Humanitarian Contexts, Humanitarian Approaches and Models, Personal Practice and Engineering Practice. Within these were 17 sub-topics and a total of 70 individual topics. Teaching and learning activities were developed to meet each individual topic's outcome, taking into account the opportunities presented by the intensive mode teaching. Constructive alignment was used to validate and align assessment, topics and outcomes. This approach resulted in a very fine level of course content detail meaning individual activities could be modified or changed as long as the outcomes were still met. This allowed the course to be delivered to two cohorts, one entirely based on-campus (although including site visits), the other off-campus incorporating the two-week international EWB Summit.
Course Delivery
The total number of students who undertook the course is shown in Table 1 . All undergraduate students were enrolled in either a single four-year bachelor of engineering degree or a five-year double degree including engineering. The masters coursework students were all enrolled in a Master of Engineering program. The course was available as a special topic, meaning enrolment was by approval of the course coordinator. The pre-requisites were either a bachelor's degree or two-years of undergraduate engineering. One exception was made to this, for a second year student, due to their significant background with development work and excellent academic performance. No students who had completed the pre-requisites were refused enrolment.
Course Delivery -On-Campus
The on-campus delivery was during the June-July winter term between the main teaching semesters. The course had four weeks of delivery, each with on average 2½ days of class time, followed by a week for completing and presenting assessment. A mix of learning activities was used each day, covering practical sessions, class discussions, seminars and guest presentations. The eight guests involved were drawn from engineering with significant humanitarian experience, non-engineers with backgrounds in development studies, and those with lived experience of humanitarian responses. Three site visits were conducted, all with an hour transit. Two of these were 2-3 hour visits to organisations involved with humanitarian work with discussions focused on their approach and operations. The other was a full day visit to a nature reserve, Birrigai, exploring Indigenous knowledge and undertaking a 'learning track' with an Indigenous Australian ranger.
Course Delivery -Off-Campus
Students incorporating the EWB Summit in the course had a different course structure although the same learning outcomes and assessment tasks 11 . Delivery consisted of a oneday workshop with students before they left. The Summit ran for two weeks in Cambodia, with a total of 40 participants from multiple universities around Australia. Participants started with workshops in Phnom Penh and engaged in cultural experiences. The Summit split into three groups, each spending four days on a rural community visit working with a Cambodian-based community organisation. The focus was on human-centred design and identifying challenges and opportunities student teams could develop concepts and ideas for. The three teams then re-joined and spent further time working on their concepts. Finally, concepts were presented back to the community organisations for their consideration and feedback to support knowledge transfer and identify any potential next steps. For the course, students returned and completed another half-day workshop on campus and presented their final assignments with students from the campus-based delivery.
METHODS
Data collection methods are outlined in the sub-sections below in the sequence in which they were conducted, labelled for reference later in this paper. A two-phase approach adapted from one to identify threshold concepts and capabilities was used 28 . The first phase (B and C below) was exploratory and identified potential threshold concepts and capabilities. In the second refinement phase (G and H), identified thresholds were negotiated with the teaching team and reduced for a student survey. Data collected through student course evaluations (A, D-F) were used to support and validate findings.
Across all data collection, participants were drawn from the course only, and all participation was voluntary and anonymous. Ethics approval was provided by the home institution (for A, D-F) and the lead institution for the intensive mode teaching research (for B, C, G and H).
A. Student Entry Survey
An online entry survey was used to capture student background before the course. This included information to help shape elements of the course as well as enrolment motivations.
B. Interviews with Teaching Team
The course coordinator at the home institution and external person at EWB involved with development, as a content expert, were interviewed as part of the exploratory phase. Interviews were semi-structured, 45 minutes long and recorded and transcribed. The interviewer explained the theory to the participant. Interview questions were: 
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C. In-class Student Workshop
Also in the exploratory phase, a 30 minute in-class workshop was held during week three of the class by an independent researcher, during which the course coordinator was not present. It was not recorded as students were able to participate without agreeing to take part in the study although the researcher did take hand-written notes. The researcher explained the theory to participants and facilitated a discussion asking open questions to ensure the students understood the theory. Students were invited to complete a questionnaire to collect demographic data and a second questionnaire containing the following questions: Responses from B and C were analysed for evidence of potential threshold concepts or capabilities, how these were transformative and troublesome, and factors that supported and hindered overcoming them. Coding was managed using NVivo TM V10.
D. In-class Discussion
In the last session of the course an in-class feedback discussion was led by the course coordinator. Students identified course highlights, which of the course learning outcomes they felt they had achieved, and additional topics or ideas for inclusion.
E. Student Exit Survey
An anonymous paper based exit survey was used to capture student feedback. This was conducted after students had given their final assessment presentations.
F. Student Course Evaluations
All courses at ANU are required to incorporate two formal course evaluations, student experiences of learning and teaching. These are anonymous online surveys with a combination of 5 point scales and open ended questions set by the university. Separate surveys are used for undergraduate and postgraduate students, as assessment items and criteria vary slightly for these cohorts. The survey is opened after the delivery of the course and closed before final results are released.
G. Post-Completion Focus Group with Teaching Team
After the students had received their results for the unit, the course coordinator and external person at EWB were interviewed together for 45 minutes. In this interview they were presented with themes identified in the exploratory stage. They clarified features of the
course mentioned by students and reduced the themes to a selection of items for a student survey. This included the main threshold capability and features raised by students as supporting and hindering them in overcoming thresholds in the course.
H. Post-Completion Student Survey
Students in the course were invited by email to complete an online survey. The survey included demographic questions and the questions below designed to assess the extent to which participants experienced the identified main threshold capability as transformative and challenging. The items were developed directly from the theory, the exploratory phase in this study, and themes identified in other intensive mode engineering and business units 19 .
RESULTS
Results are provided below across three main activities, from the exploratory phase on threshold concepts (methods B and C), from the post-completion threshold capability student survey (H), and the student input methods (A, D to F). Response rates are provided in Table  2 giving overall rates and distributions for students involved in on-and off-campus (attended the EWB Summit) delivery while demographic profiles for each method are summarised in Table 3 . Method F could not include a question on delivery mode as this was a standard university-wide evaluation. Understanding the role(s) of a humanitarian engineer
Understanding the role of a humanitarian engineer.
Capability on how to apply basic concepts on humanitarian engineering (HE) into real-life product applications.
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The second of the capabilities in Table 4 was reduced to the more specific capability "to take account of social factors in engineering design" to provide the main subject to focus students' attention on their experience of learning in the unit in the final student survey (method H). The more specific capability satisfied the principle for questionnaire designs that each question must ask only one clear question to avoid collecting responses with ambiguous meanings.
International
Threshold Capability Survey Results
The first survey questions in method H were to describe the generalisability of the experience of the capability "to take account of social factors in engineering design" as a threshold by students in the unit. Results are presented in Table 5 including an overall 4 or 5 response rate for the class, as well as 4 or 5 response rates from students with on-and off-campus experiences, in addition to an exact significance test comparing the two cohorts' responses for each statement. Notes for Table 5: 1. Student rated statement on a five-point scale (1 = strongly disagree; 5 = strongly agree) 2. Items are listed in the order they were presented in the questionnaire. 3. N for on-campus was 12 (from 38 potential respondents) and off-campus was 8 (from 8 potential respondents). 4. p is calculated using Fisher's exact test. 5. p of less than 0.05 are marked with an * and are considered significant. Students responded to the following question for ratings of factors that supported and hindered their development of the capability "to take account of social factors in engineering design" for items shown in Figures 1 and 2 . Please rate the extent to which each of the following factors influenced your development of the capability to take account of social factors in engineering designs (1 = Strongly hindered your development of the capability; 7 = Strongly supported your development of the capability). In the text boxes please explain any ratings of 1 or 7.
International 
Student Input
The primary motivations of students from the entry survey, where students could only select one option, are shown in Table 6 and highlights more than half (56.7%) of the students were primarily interested in the topic of the course rather than the delivery mode or timing. Real-world case studies
Guest speakers
The number of students in a class International
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Three separate methods provided data to identify the highlights or strengths of the course, the in-class discussion on the last delivery day (method D), the exit survey (E) after the final assessment item and the formal Student Experience of Learning (SEL) survey (F). Highlights identified from these as shown in Table 7 . The formal course evaluations are provided in Table 8 , with the score out of 5 and the agreement rate consisting of those that 'agree' or 'strongly agree' with the question (4 or 5). International Only responses from undergraduate students are provided, as the three enrolled postgraduate students was less than the five required by the university to release results. As this was an university administered evaluation, a question on the delivery mode could not be included. Key limitations or areas for improvement for the course identified by students were mostly on assignments including the clarity of rubrics, expectations and time available, the latter of which is a function of the intensive teaching mode.
FIGURE 2 RATINGS OF THE EXTENT TO WHICH FACTORS INFLUENCED DEVELOPMENT OF THE CAPABILITY BY STUDENTS
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DISCUSSION
The strong formal student evaluations in Table 8 as well as the exit survey and in-class discussions and results from Table 5 indicate the course provided new learning for students. Results are discussed below corresponding to the three research questions posed for the study.
Thresholds Identified
The results indicate the capability identified, "to take account of social factors in engineering design", was a threshold, as students had not previously considered taking social factors into account in their engineering design. Responses from the post-completion survey (method H) and Table 5 , confirm that the capability was transformative for 95.0% of the student survey participants and troublesome for 65.0% of students survey participants. Furthermore, a majority (81.0%) of the students no longer found the capability challenging and therefore had probably traversed the liminal space for this capability by the end of the course. The reasons students found the capability troublesome varied, as highlighted by Figures 1 and 2 .
Differences between students who attended the EWB Summit (off-campus) and those who did not (on-campus) can been seen in Figures 1 and 2 , and Table 5 where a trend can be seen. Those who attended the EWB Summit had potentially a more challenging but richer learning experience. However, only one statement can be considered significant, referring to learning to communicate was challenging. Students on the Summit were in a foreign culture with a different language, which required the use of translators which would have contributed to the significant difference between the two cohorts here.
The thresholds experienced by students were consistent with other studies. The main threshold capability relates to those identified in the threshold concept inventory 22 in particular the "Roles of engineers". This includes elements of "responsibility of engineers to society, the environment, and workers" and "value of an engineer to society and to organisations".
Contributions of Course Features to Learning
For campus-based students, a number of activities enabled by the intensive mode teaching were strong contributing factors to the development of capability. From Figure 1 , site visits were the equal forth highest contributing factor. Other factors that can be incorporated into most teaching modes but are more easy to accommodate in intensive mode teaching scored well, specifically guest speakers (second highest) and opportunities to ask questions in class (third highest). Day or half-day face-to-face sessions provided more opportunity to accommodate guests and flexibility to change activities based on student engagement and interest such as further class discussion and questioning.
Across all students, the factor that was identified as contributing most to the development of the capability was the community visit undertaken in the EWB Summit (Figures 1 and 2) . This highlights the role of external engagement in achieving the capability identified. Other activities that can support transformations here including real-world case studies, guest speakers and site visits, all scored highly in influencing the development of the capability. The exposure to real-world applications through guest lectures and case studies were rated most supportive for learning after the Summit (Figures 1 and 2) .
Although the response rate for the post-completion survey was not quite half the class (43.5%), the findings from this method are supported by both the in-class discussions and exit survey (see Table 7 ). The findings are also consistent with existing work in the area with respect to intensive teaching mode 18, 20, 28 .
Contributions of Delivery Mode to Service-Learning Preparation
The course was established to help prepare students for more substantial service-learning initiatives related to humanitarian engineering. The threshold capability identified, "to take account of social factors in engineering design", appears well suited as a threshold to achieve as preparation for service-learning. In terms of students achieving this threshold and then moving to more substantive service-learning, a number of students participating in the course have gone on to take part in final year service-learning projects. Of the 43 undergraduates in the course, three were already involved in final year service-learning projects while four have commenced projects at the start of the 2016 academic year. The inclusion of the EWB Summit in particular has aligned with the development of the pathway leading to service-learning experiences. From twelve students who undertook an EWB Summit over the 2015/16 Australian summer (not part of this study), five have commenced service-learning final year individual research projects in 2016 while another two will once they reach their final year in 2017. With the community visit on the Summit as the factor that most contributed to achieving the threshold this is appropriate preparation for students. The development of a student pathway may support opportunities for student development of thresholds from multiple engagements and opportunities to move through the liminal space 23 .
CONCLUSIONS, RECOMMENDATIONS AND CONTINUING WORK
Intensive mode teaching was found to provide opportunities for significant contributions to the threshold identified by students for the course, "to take account of social factors in engineering design". With these findings, the choice to deliver the course using intensive mode teaching is supported as the activities achievable made significant contributions to students' development of the capability. The teaching mode supported the inclusion of the international EWB Summit which included a community visit which was the factor that contributed most to the capability development.
There is a need to evaluate students' outcomes within the broader context of their overall studies. This needs to consider how the course provided preparation for later service-learning initiatives in terms of the outcomes achieved through the service-learning experience. This is the focus of current research at ANU with students involved in the course or who have attended an EWB Summit.
The research framework utilised here may have further benefit for evaluating servicelearning. Many staff have observed the "transformative" nature of service-learning, and threshold concepts and capabilities may provide a framework to help identify key thresholds.
